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eoherence, and ovder along the eptical axis cal

Declass Rewew by NIMAI DoD

Seme Cowmments on Coherent £mg@s:y _ A STAT

This memo will attenpt to clarify powe concepts of c@iwmﬁ& impgery.

Figure la shows & coherent imsging systen with pu'mfuawﬁ for spatiel filterinmg.
This optical econfiguzration is used *Jnlw&l::{j" ap an illustration im vhieh sach leas

" perfoxms only one task, for lenges Lj te Ly vespectivaly, illuminarfon, formation of

the tracsfom end image fommation from the travsform. A4 move practical configurgtion

" is shown in Figure 1lb. Im thiz system, 14 comblees the function of Ly end Ly 1
’’4 & ¥4 &
, med ba corracted mﬁy iz an@. to form &n :l,zww of ufw f;mame at the tremsform plane

over a fleld, In addition,
whﬂe S%ath Lz and L. worhk at ahe B ,?e’ munber, dm @zuu.mé by ihe freqguency content of
the negative, the diameter of !;7 te larger tham Lj by the diamster of the negative. In
addition, as will be explained later, the systen in Figure la iz mors sensitive to dust,
seratches and other locaiized lews dafects.

In ¢coherent imagery there i some corder to the Ligh: Mimﬂmtmg the oegative.
This order is lacking in the case of incobervens illuminstiom. The degree of this oxder
detemmines the degree of coberenca. The éte;sgz:w of order z}ra&gm‘: in iliuminating
light can be separsted into two cowpomanis, o:der 4cross the negative called spatial

s Lg wwl coherance,  These two
components are slmost independent. Spasziz,,é. coberence ir measurad by the degree of
collimation or wevefront . flatmegs. Tompewu® ochorsens Lo vad by the renge »f
vavalengths present in the iight.

et va consideyr the @ffeat of the degree of spacial auﬁ ;:mgmr&;g soherance upcm
imagery. Firet wve must distingeiesh betveen distance resolution in the image plaue
and frequency regolution im the transfom plane., The f@m!mi@ﬁ ‘glement in distavce
in the imege intensity ia of the order of ths reciprical of: ﬁ:ﬁm cahﬁm&t cutoff
frequency of the trsnefom tﬁ@nﬁg and is independent of the d@gme ﬁf #patial cohetence.
It is ths zesolution elewent of the negative, visible in the ixismga that is deyerdent
upon the degree of spatial coberence. On the other "mmi, the mﬁalﬁtmn ‘elewant in
fmqmsm:y in the tranefomm plane for perfect spatiasl ead wmvomi cobarence is of the
oxder of the recipréeal of the negative diemetar. If the degree of a;ma:i.al coherence
i@ such that the image of the source in the transform plane is equal to a2 freguency
resolution element, then the system iz spatially cohersnt. If the degree of temporsl STAT
coberence is such that when the source Image is diffracted by the high freguancy coatent
of s negative to the cutoff firmguency of the trensform plsue, the diewetar of the source
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imege increases less than one freguency resolution e¢lemsnt then the syatem ie temporxally :
cobeérent. Rssolution in the frequancy plame is controlled by the source image size at ;
low gpatial frequencies and by the spread in wavelength at high spatial frequencies. In :
the systems shown in Figure 1, resolution im the frequency plane depends upon the quality i
of Iy, oxr L, and L, wailae resolution in the image plane depends only upon the quelity of i
g or Ly and Li. ~ The question thus becomes what is the effect of resolution in the E
frequency plane on regolution in the imags plane? ;

¥irgt we consider the effect of temporal coheremce on the imege.  The image intengity
is the sum of the image intensities formed at sach of the wavelengths present in the
iilmsinating light. The most iusportant affset of a spread in wavelangth ig om Li. By :
iagtyicting the range of wavelengths to a small fraction the dasign of LS is siwmplified, E
hecauvss chromatic dbarrations are eliminated. ;

Jens we conmidar spatial ecohercuce. Lens desfign does not depend upon the degree of
spetial coherence. The degres of spatial coherance is easily varied by varing the size
»f an iris diaphrsgm at the source for 2 thermal source. Temporal coherence cannot be
varied nearly as easily. If the object electric field transmission of the unegative
contains no frequencies graatar than Ky, the cutoff fragquency of the tzensform plane is
¥, and the image of the souree irn the trensform plane extends to Ky them for an ungpodizged
tremsform plame, when K, < K, - K, the imagery is perfectly spatially coherent amnd vhen
Ky =Ky - K the imegery ie coupletaly spatially incoberent. Two things are apparent,
first & poimt source is not neaded for eoherent imagery and second marely uveing & source
vhose image just fills the transform plane does not in iteelf produce complats complete
imcoherance.

Yext conaider the affect of reflections on {magery. If the degree of temporal
coherence ie high, reflections between two glass surfaces will appear as 2 systam of
fringes instead of merely as a uniform background. The fractiom of light reflected from
a lens surface ontc the image does not depend upon the degree of temporal ccha2rence but
the menner in which this light is distributed does. I1f two surfaces are separsated by
on optical distance of £ and the everage wavelength of the light is A with a spread
A Ny then if < (222 fA)), there will be fringes if the source is a thermal source.
if the source is a laser, then there may be fringes at greater distances because the
lager’s spectrum containg complex siructure within the widthAA. The degree of temporal
coherence should be low enough to minimize the possibility of refleetion fringes and high
snough to gimplify lans design. IXf a laser is used as a source 1t is necessary to use
the best enti-reflection costing poseible on all surfscas.

f£o meny combinations of reflections are possible that they are difficult to
sharscterize. Some of the worst cffenders sre illustrated in Pigure 2., The spatial
fraquency, Kg, of the fringes depends upon the sugle between the two besams, €, Ke=
1/ #in 8. Froublesome reflection will most likely ba of two typas. Interference
berween the image snd & reflected wave ox interference between two different veflected
waves. These fringes will be mosi’ noticeable in the darker regiom of the image. The
intenpity of fringes can be increased considersbly if the small fraction of light
reflected from one lens surface is focusad onto 2 small region im the imsge. Such
focused reflections or "ghost imseges” may remain & problem even with good anti-veflection :
coatings. For this reason, it would be a good idea to compute the reflectionsg in an :
optical system bafoxe it is menufactured. N surfeces are capable of producing 172 N &-1) ;
doubly reflected waves. Fringes producaed by reflected light with & high degrxee
»f temporal coherence may be reduced or eliminated by using a lowar degree of spatial
zoherence becauge bright fringes from ome part of the source may coincide with the
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oy soneider the affeects cu imagary of small defecta much as ssratches, dipe, dust,
21k déroplete, and bubblas. 7Th: meture of ths imege caused by such 2 snall lens defect
i 9 upen ite dietance from the transfoerm plans, (Figure 3). The wall defeect way
: ewad in general as an out of foeus poimt ivgze or Fresnel Zone Plate. It is tha
zature of & coherent system thar en imeze that is out of focus dows not appesr 2z a
blur but as an elabovate Fresnel Diffractiom pattern (Figure 4). The closer & defect
is to the transforw plans, the larger smd faimter will be its image. A small defect
uear the transform plane will affect the whole imege at a single frequency amd be
alumat vndetectable unlees 1t la &t & very low frequeucy {an op a&xis defect). Thus the
aystem of Figur: 1b {8 preferred to that of la bacauge all of its glass elements and
hence any defects are cloger to the tranaform plane than the configuration of Figure
ia. In addition, if & lower degree of spatisl coherence i¢ uged, the effects of the
tefrcts will be raduced further. With coherent light, the zays from an object poimt
Lo an image polnt always pase through the sawe ragion of the lans., Thie is not true
for dpcoharent light.

ihe statemant is oftsn mads that cocherent systems are sensitive to phase in the
nagative plase while incoberent aystems &re mot. A4 photographic negetive will have
phase variation due to thickeness variation in the base material end due to the expoeed
imege. Thickness variatiom in the bewe causes a reductien im resvlution in the
fraquency plene which is not important. FPhase variation ssscciated with the imege will
zroduce & glight degres of asymmetry im the wmodulus of the trangform that is also
mot importamt to the image. Tha gradual phase fluctuations im the nagative base do
not appsar in the lnsge because their frequencies lie below the coherent cutoff
frequeney of any practicel systew. Howevar, for a high degvee of temporal coherence
interferemce fringss may result from reflection betwsen the front and rear surfrces
of the negetive thst cannot be made to venish with a redvetion in spatial cohersnce.
they may be reduced by plaeing the negetive in the center of & sandwieh of antireflection
coated glags and liguid that watchze the refrsctive index of the film. Becauge the
front surface of this sandwich is close to the negative, it must be extremely free of
smull defeets such as dust or iliguid dropleta.

Iz is elways deeired to test am optical system once it has been built. In
principle, the wave phage from:, coherent and imecoherent trammfer fusction and thsir
cvormesponding spread functions are all related. For a ccherent system it ie mot easy
to convert all of thase guantitles into the coherent transfer functiom. Am cbject 7
consistiog of a low comivast edge or step cen provids a single method of messuting STAT -
the coherent tranefer functiom ir a completed optical gyeten| |has & computer ;
progrem designed o give the inecherent tranefsr funetions Sfrom edge gradients that
would give the coharent. tramsfer fumction im the form: :

1, P 9, @ k:}
T&Qag = EOR 6@(kg Qj o {

vheras 8 (k) and 6,(k) are the even and odd part of the phage aberrations of the
coherent transfer functlon (JLEK-106). An sdge with light intensity transalgsions

of 100% and 707 should be of low encugh econtrast to give the tramsfer fumetion to
an accuracy of about 10%. A lowered degree of spatial coherence eould be used if
the soures image in the trensfom: vlene is emall compavad te the rate of phase arrox
fluetuetions and ar the expense of gome error at high spatial fragquencies.
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mry lupertant point ecercexas khe use of pariedic rargets ae lens Tests. A

m:!;.y illueminared periodic tevgzet £4ills only a emall part of the transfom plans
afi thas somplete leng syatem ia tharefer® not actuelly tested., The sama targst
inecherantly illuminated would £ill the whole transferz plsne and thus provida a test
of the whole ilens. Recently the Research Branch tested a cohersnt imeging system that
gave 2 pooy lmage of & single ten micron 8lit but & vivtually perfect image of Five
five micron slits on ten micron centeve., Tha single ten micron slit image was a good
svarall test of the system baecaupe the whole trenaform plane wae filled. The five
glits, slthough smaller in giere, provided a poor test because they illuminated only
three narrow regions in the treansform plane. In general, eny periodic target with

2 freguency batwsen Che transfom plane cutoff freqguency and cne half that frequency
wen always be imsged perfactly with reéspzct o contrast and vegolution by a slight
shifi in focus. A second defect of periodic targete iz that the image is virtuszlly
the same for many different plames of focus. Thue nen-periodic targets euch as a
voini or parheps &n edge ara to be prefered 1f a single imaging tast is dseired.

STAT |

LA 18
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a turcad LO cm.

d: £{-. cxnion due to
These

R
sy to the negative.

An image showing Frcsncl
cid
ro the translors plane

Figure -2 ‘
from Lhe negative and several oil droplets
draplets would not be visible if they were closex
and ofl axis or if the spatial coherence wWas reduced.

1 diffract:omn fron & uegalive

de to L

complex Fresne
iigh contrast of the fringes

Figure & Ap image showing
4 cit. out of focus. Note the !
periodic nature of rrnc parked cars.
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